Introduction
============

Sjögren\'s syndrome (SS), a common chronic systemic autoimmune disease with mononuclear infiltration in exocrine glands, is typically characterized by dry mouth and eyes ([@b1-mmr-20-02-1131]--[@b3-mmr-20-02-1131]). Patients suffer from lack of effective treatment for the complex pathogenesis of SS ([@b4-mmr-20-02-1131]). High levels of pro-inflammatory cytokines, such as interleukin (IL)-12, IL-6, interferon (IFN)α and IFNγ, tumor necrosis factor (TNF)-α, serum autoantibodies, including antinuclear antibodies, antibodies against Ro/SSA and La/SSB, rheumatoid factor (RF) and serious infiltration of T and B cells are considered as the key factors leading to exocrine gland dysfunction ([@b5-mmr-20-02-1131]--[@b7-mmr-20-02-1131]). Targeting of the disordered cytokine network has shown promise for SS treatment ([@b8-mmr-20-02-1131]).

Interleukin (IL)-12, consisting of two subunits, namely IL-12p40 and IL-12p35, has a powerful impact on the T cell responses in inflammation ([@b9-mmr-20-02-1131]). IL-12 has been recognized to be produced by inflammatory myeloid cells and is involved in various autoimmune inflammatory conditions by linking innate and adaptive immunity ([@b10-mmr-20-02-1131]). Studies have shown that IL-12 is increased in the salivary glands of SS patients and MRL-*lpr* mice during the course of murine SS ([@b11-mmr-20-02-1131]--[@b13-mmr-20-02-1131]), and IL-12-transgenic mice develop SS-like symptoms ([@b14-mmr-20-02-1131]). Currently, biologics that block IL-12 and its family member IL-23, considered to be effective therapeutic targets, have been used in clinical testing for a variety of autoimmune diseases including SS ([@b8-mmr-20-02-1131],[@b15-mmr-20-02-1131]). Yet, the effects and mechanisms of IL-12 on the immunity system in different disorders are far from clear.

Myeloid-derived suppressor cells (MDSCs) were initially described as a heterogeneous population of immature myeloid cells with immune-regulating activity ([@b16-mmr-20-02-1131],[@b17-mmr-20-02-1131]) and consist of two subsets: Granulocytic MDSCs (G-MDSCs) and monocytic MDSCs (M-MDSCs) ([@b18-mmr-20-02-1131]). MDSCs were firstly identified in tumor infiltration and were found to increase and support tumor growth and development ([@b19-mmr-20-02-1131],[@b20-mmr-20-02-1131]). Recent studies have demonstrated that MDSCs also play an important role in pathological conditions including autoimmune diseases. Vlachou and colleagues demonstrated that MDSCs showed impaired expansion and function in NZB/W F~1~ lupus-prone mice ([@b21-mmr-20-02-1131]). Our previous studies demonstrated that MDSCs exacerbate SS by inhibiting Th2 cells ([@b22-mmr-20-02-1131]) and have a crucial role in systemic lupus erythematosus (SLE) by regulating the balance of Th17/Treg cells ([@b23-mmr-20-02-1131]), while the mechanisms of MDSC accumulation in SS are largely unknown. In addition, MDSCs were found to aggravate rheumatoid arthritis (RA) by promoting Th17 cell differentiation ([@b24-mmr-20-02-1131]) and were found to show aberrant function in experimental inflammatory colitis ([@b25-mmr-20-02-1131]). However, the regulation of MDSCs in SS warrants further investigation.

Previous studies have demonstrated that IL-12 plays a pro-inflammatory role in the pathogenesis of SS. IL-12 was reported to promote the recruitment of MDSCs and impair their suppressive function ([@b26-mmr-20-02-1131]--[@b28-mmr-20-02-1131]). Therefore, the present study aimed to ascertain whether IL-12 aggravates SS by modulating the expansion and function of MDSCs.

In the present study, increased plasma IL-12 was demonstrated in NOD mice which is one of the most accurate models in deciphering the pathologic mechanisms of SS ([@b29-mmr-20-02-1131],[@b30-mmr-20-02-1131]). *In vivo*, exogenous IL-12 aggravated SS-like disease by promoting the expansion of bone marrow (BM) and splenic MDSCs, while anti-IL-12 showed protective function for SS-like disease by inhibiting the development of BM and splenic MDSCs in NOD mice. In addition, IL-12 deficiency decreased the generation of MDSCs. These results indicated that IL-12 aggravates SS by promoting the expansion of MDSCs.

Materials and methods
=====================

### Mice

In total, five female NOD mice (weight, 15--17 g; age, 3 weeks), 35 female NOD mice (weight, 19--22 g; age, 7 weeks), five female ICR mice (weight, 22--25 g; age, 3 weeks), five female C57BL/6 (B6) mice (weight, 22--25 g; age, 3 weeks) and 25 female *Il-12*^−/−^ B6 mice (weight, 22--25 g; age, 3 weeks) were purchased from the Model Animal Research Center of Nanjing University, and were housed in the animal center of the Affiliated Drum Tower Hospital of Nanjing University Medical School under pathogen-free conditions at 22±2°C with a relative humidity of 55±15% under a 12-h light/dark cycle. All animals had free access to water and food. *Il-12*^−/-^ B6 mice also known as IL-12p40 knockout (KO) B6 mice were obtained from The Jackson Laboratory. All animal experiments conformed to the Regulation of Animal Care Management of the Ministry of Public Health, China and were approved by the Ethics Committee of the Medical School of Nanjing University (Nanjing, China). Mice in each group were anesthetized by intraperitoneal injection of 5% pentobarbital sodium (50 mg/kg). Under anesthesia, mice were exsanguinated and the submandibular glands and spleen were immediately collected.

Non-obese diabetic (NOD) mouse as an appropriate model of Sjögren\'s syndrome (SS) has biochemical and immunological similarities with human SS ([@b31-mmr-20-02-1131]). Previous studies including ours suggested that 4-week old female NOD mice showed no lymphocyte infiltration in lacrimal glands and submandibular glands. However, the infiltrating cells appeared in the lacrimal glands and submandibular glands in 6-week old mice ([@b32-mmr-20-02-1131]). Therefore, we selected 4-week-old NOD mice as control mice without SS-like symptoms and 8-week-old NOD mice with SS-like symptoms.

### Salivary flow rate

The salivary flow rate of mice was measured as previously described ([@b33-mmr-20-02-1131]). Briefly, the mice were anesthetized with 5% pentobarbital sodium (50 mg/kg) and stimulated with pilocarpine (0.1 mg/kg) intraperitoneally (i.p.). The saliva was collected for a 15-min period from the oral cavity by micropipette, and the volume of saliva was determined gravimetrically.

### Histological analysis

For histological analysis, submandibular glands (SGs) were fixed with 4% paraformaldehyde at 4°C for 24 h, embedded in paraffin and cut into 3-µm-thick sections. Tissue sections were stained with hematoxylin and eosin (H&E). Each staining step was performed at room temperature. Images were captured using a light microscope (Olympus FSX100; Olympus Corporation; magnification, ×10).

### Flow cytometric analysis

Spleen single-cell suspensions were prepared after lysing red blood cells. The appropriate number of cells was pre-incubated with antibodies (eBioscience) in optimal concentration. For analysis of MDSCs, cells were pre-incubated with surface marker antibodies, including anti-mouse CD11b-APC and anti-mouse Gr1-PE and then analyzed on a FACS Calibur flow cytometer (BD Biosciences, Mountain View, CA, USA).

For analysis of the CD3^+^IFNγ^+^ T cells, the cells were incubated with 20 ng/ml phorbol myristate acetate (PMA) plus 1 µg/ml ionomycin with 5 µg/ml of brefeldin A (Enzo Life Sciences, Inc., East Farmingdale, NY, USA) at 37°C for 4 h. First, surface CD3 with anti-mouse CD3-APC was stained. Subsequently, cells were fixed with Cytofix/Cytoperm solution (BD Pharmingen), and then incubated with anti-mouse IFN-γ-PerCP-Cyanine 5.5 (eBioscience; clone no. XMG1.2; cat. no. 16-7311-81) and analyzed on a FACSCalibur flow cytometer (BD Biosciences).

### MDSCs suppress T cell proliferation

According to the manufacturer\'s instructions (Invitrogen; Thermo Fisher Scientific, Inc.), cells from the spleen of 12-week old female NOD mice were labeled with CFSE. CFSE-labeled splenocytes were co-cultured without or with MDSCs at ratios of 2:1, 4:1 and 8:1 in 96-well round-bottom plates and were stimulated with the anti-CD3/CD28 antibody for 3 days. CFSE-labeled CD3^+^ T cells were analyzed using a FACSCalibur flow cytometer.

### IL-12 and anti-IL-12 treatment of the mice

In the IL-12 treatment experiments, female 11-week-old NOD mice were injected with 40 µg/kg IL-12 (BioLegend) once a day for a total of 7 times or with the same volume of PBS.

In the anti-IL-12 treatment experiments, female 11-week-old NOD mice were injected with 4 mg/kg anti-IL-12 (BioLegend) once intraperitoneally (i.p.) and with commensurable Rat IgG2a isotype.

### ELISA assay

IL-12 consists of two subunits, IL-12p40 and IL-12p35, to the formation of the biologically active p70 compound. In our study, plasma IL-12p70 was assessed by a standard mouse sandwich ELISA kit (R&D Systems) according to the manufacturer\'s instructions.

### Statistical analysis

The results of 3 independent experiments are presented as mean ± SEM. The two experimental groups were analyzed using Student\'s t-test. One-way ANOVA followed by the Least Significant Difference post hoc test were used to account for multiple comparisons. A P-value \<0.05 was considered to indicate statistical significance.

Results
=======

### Increased IL-12 in the Sjögren\'s syndrome (SS) mice

To confirm the role of IL-12 in SS, plasma IL-12 was detected in the NOD mice and ICR control mice. The results showed that plasma IL-12 was significantly increased in the NOD mice with SS-like symptoms comparing with that noted in the ICR mice ([Fig. 1A](#f1-mmr-20-02-1131){ref-type="fig"}). It was found that 8-week-old NOD mice had a significantly higher plasma IL-12 and a significantly lower salivary flow rate ([Fig. 1B](#f1-mmr-20-02-1131){ref-type="fig"}) and more serious lymphocytic infiltration in submandibular glands (SG) ([Fig. 1C](#f1-mmr-20-02-1131){ref-type="fig"}) than these parameters in the 4-week NOD mice, which indicated that SS-like symptoms existed in the 8-week-old NOD mice but not in the 4-week NOD mice. These results suggest that increased IL-12 participates in the pathogenesis of SS-like disease.

### IL-12 increases MDSCs and exacerbates SS in NOD mice

Previous studies have reported that MDSCs are significantly involved in autoimmune diseases by regulating various immune responses ([@b34-mmr-20-02-1131]), and IL-12 could modulate the number and function of MDSCs ([@b28-mmr-20-02-1131]). Therefore, we subsequently determined the relationship between IL-12 and MDSCs in the SS mice. Exogenous IL-12 was injected into 11-week-old NOD mice according to a treatment schedule ([Fig. 2A](#f2-mmr-20-02-1131){ref-type="fig"}) and mice were sacrificed at day 7. According to results of the histologic and salivary flow rate from mice, IL-12 aggravated the inflammation in the SGs ([Fig. 2B](#f2-mmr-20-02-1131){ref-type="fig"}) and reduced the secretion function of the exocrine glands ([Fig. 2C](#f2-mmr-20-02-1131){ref-type="fig"}). The percentages of MDSCs in the bone marrow (BM) and spleen (SP) were detected by flow cytometry ([Fig. 2D](#f2-mmr-20-02-1131){ref-type="fig"}) and the results showed that treatment with IL-12 significantly increased the percentage of the BM and SP MDSCs ([Fig. 2E](#f2-mmr-20-02-1131){ref-type="fig"}). These findings suggest that IL-12 promotes the generation of MDSCs and exacerbates SS.

### Anti-IL-12 decreases the generation of MDSCs and improves SS in NOD mice

To verify the effects of IL-12 on the generation of MDSCs, NOD mice were treated i.p. with or without anti-IL-12 antibody, respectively, according to the treatment schedule ([Fig. 3A](#f3-mmr-20-02-1131){ref-type="fig"}) and mice were sacrificed at day 7. Histologic results and salivary flow rate from mice showed that anti-IL-12 alleviated the inflammation in SGs ([Fig. 3B](#f3-mmr-20-02-1131){ref-type="fig"}) and partially restored the secretion function of exocrine glands ([Fig. 3C](#f3-mmr-20-02-1131){ref-type="fig"}). The percentages of MDSCs in bone marrow and spleen were detected by flow cytometry ([Fig. 3D](#f3-mmr-20-02-1131){ref-type="fig"}) and the results showed that anti-IL-12 significantly increased the percentages of BM and SP MDSCs ([Fig. 3E](#f3-mmr-20-02-1131){ref-type="fig"}). These results showed that anti-IL-12 decreased MDSCs and improved SS-like syndrome.

### IL-12 deficiency impairs the generation of MDSCs

To determine the regulatory effects of IL-12 on MDSCs, the percentages of MDSCs were detected in IL-12-deficient C57BL/6 (*Il-12*^−/−^ B6) mice. Compared with the B6 mice, *Il-12*^−/-^ B6 mice had a significantly lower percentage of SP MDSCs ([Fig. 4A](#f4-mmr-20-02-1131){ref-type="fig"}). In addition, the percentage of SP MDSCs decreased with age from 4 to 10 weeks in the *Il-12*^−/^ B6 mice ([Fig. 4B](#f4-mmr-20-02-1131){ref-type="fig"}). These findings suggest that IL-12 induces the generation of MDSCs.

### MDSCs display immunosuppressive activity in SS mice

The immunosuppressive function is an important characteristic of MDSCs. To confirm that CD11b^+^Gr-1^+^ cells that were determined are MDSCs in this study, T cells were co-cultured without or with MDSCs at the different ratios of 8:1, 4:1 and 2:1, respectively. The results showed that MDSCs had significant suppressive ability on T cell proliferation ([Fig. 5A](#f5-mmr-20-02-1131){ref-type="fig"}) and decreased the percentages of CD3^+^IFNγ^+^ T cells in ratios of 4:1 and 2:1 ([Fig. 5B](#f5-mmr-20-02-1131){ref-type="fig"}). These results demonstrated that CD11b^+^Gr1^+^ MDSCs exhibited immunosuppressive activity in our study.

Discussion
==========

In the present study, it was demonstrated that IL-12 and MDSCs are involved in the disease progression of Sjögren\'s syndrome (SS). Plasma IL-12 was elevated in NOD mice, and IL-12 enhanced the expansion of MDSCs in the NOD mice. Anti-IL-12 decreased the percentages of MDSCs in the NOD mice, and IL-12 deficiency impaired the generation of MDSCs gradually with age. All of these results suggest a pathogenic role of IL-12 in SS by promoting the expansion of MDSCs.

IL-12 is known as an inflammatory cytokine involved in various autoimmune diseases ([@b35-mmr-20-02-1131]--[@b38-mmr-20-02-1131]). According to major advances in the last few years, dysregulation of plasma cytokines has been demonstrated to play a significant role in contributing to the dysfunction of exocrine glands in SS, and IL-12 has been considered as one of the main pathogenic factors as well as IL-17 and IL-23 ([@b8-mmr-20-02-1131],[@b39-mmr-20-02-1131]). However, IL-12 has been mainly studied in terms of lymphocyte responses and the exact mechanisms of IL-12 in the regulation of myeloid cells in SS are not fully understood.

MDSCs, possessing a prominent capacity to suppress T cell activation, have been regarded as a potent inducer for tumor immune escape. The immunosuppressive function is an important characteristic of MDSCs. T cells were co-cultured with MDSCs and the results showed that MDSCs had significant suppressive ability on T cell proliferation and decreased the percentages of CD3^+^IFNγ^+^ T cells. The expression of IFNγ indicates the activation level of T cells ([@b23-mmr-20-02-1131],[@b24-mmr-20-02-1131]). Thus, changes in the CD3^+^IFNγ^+^ T cells in T cells co-cultured with CD11b^+^Gr-1^+^ cells represented the suppressive effects of the CD11b^+^Gr-1^+^ cells, which demonstrated that the purified CD11b^+^Gr-1^+^ cells were MDSCs in this study. In addition, functional molecules Arg1, iNOS in splenic G-MDSCs and M-MDSCs were determined by qPCR in our previous study ([@b23-mmr-20-02-1131]). The abnormal expansion of MDSCs has also been studied in inflammatory conditions including SLE mice and lupus patients ([@b23-mmr-20-02-1131]), collagen-induced arthritis mice and RA patients ([@b24-mmr-20-02-1131],[@b40-mmr-20-02-1131]), inflammatory bowel diseases ([@b41-mmr-20-02-1131]) and experimental autoimmune encephalitis (EAE) ([@b42-mmr-20-02-1131],[@b43-mmr-20-02-1131]). The percentages and function of MDSCs, G-MDSCs and M-MDSCs have been demonstrated to play a significant role in immune disorders. In the present study, it was demonstrated that, compared to 12-week-old ICR mice, MDSCs were increased significantly in the bone marrow and spleen of the age-matched NOD mice ([Fig. S1](#SD1-mmr-20-02-1131){ref-type="supplementary-material"}). Our previous research demonstrated that accumulative MDSCs exacerbate SS by inhibiting the Th2 cell response ([@b22-mmr-20-02-1131]). However, the cause of MDSCs and these subset accumulations in SS are largely unknown.

In the present study, our results demonstrated that IL-12 aggravated SS-like disease, while anti-IL-12 attenuated SS-like disease in NOD mice. Moreover, increased IL-12 and a higher percentage of MDSCs were associated with SS pathogenesis. Increased percentages of MDSCs in IL-12-treated NOD mice, decreased percentages of MDSCs in anti-IL-12-treated NOD mice and gradually reduced percentages of MDSCs in *Il-12*^−/-^ B6 mice with age suggested that IL-12 and the regulation of MDSCs may be important in SS pathogenesis. Anti-IL-12 treatment resulted in the amelioration of SS-like symptoms in the NOD mice accompanied with an approximately 10% decreased MDSCs in the bone marrow (BM) but not in the spleen (SP) in the present study. The reason for this phenomenon may due to the fact that anti-IL-12 mainly ameliorates SS-like disease in NOD mice by inhibiting the generation of BM MDSCs and improving the suppressive function of MDSCs, but not by inhibiting the expansion of SP MDSCs. IL-12 is a critical cytokine that bridges innate and adaptive immunity and can increase an antitumor immune response by inducing the production of IFNγ ([@b44-mmr-20-02-1131],[@b45-mmr-20-02-1131]). MDSCs were firstly identified as being involved in tumor infiltration and increased and supported tumor growth and development ([@b19-mmr-20-02-1131],[@b20-mmr-20-02-1131]). Studies found that IL-12 promotes the recruitment of MDSCs and impairs their suppressive function in tumors and infection ([@b26-mmr-20-02-1131]--[@b28-mmr-20-02-1131]). In our previous study, the number of MDSCs were found to be increased in SS and MDSC transfer exacerbated the SS-like symptoms in NOD mice ([@b22-mmr-20-02-1131]). In the present study, it was found that IL-12 upregulated BM and SP MDSCs and aggravated SS in NOD mice. The mechanisms of MDSCs involved in SS remain largely unknown. Our findings indicated that the number of MDSCs was increased following IL-12 treatment, while the suppressive function did not increase accordingly. Therefore, our results suggest that IL-12 impairs the suppressive function of MDSCs in NOD mice. This is in line with the previous study that IL-12 can promote the recruitment of MDSCs and impair their suppressive function. Our findings indicated that MDSCs under SS conditions are functionally similar to those associated with tumors and infections in response to IL-12.

MDSCs consist of two subsets: Granulocytic MDSCs (G-MDSCs) and monocytic MDSCs (M-MDSCs) ([@b18-mmr-20-02-1131]). The percentages and function of MDSCs, G-MDSCs and M-MDSCs are important in the pathogenesis of immune disorders. The changes in G-MDSCs and M-MDSCs were determined in the present study. It was found that IL-12 and anti-IL-12 significantly altered the percentages of total MDSCs and the percentages of G-MDSCs and M-MDSCs slightly in the BM and SP ([Fig. S2](#SD1-mmr-20-02-1131){ref-type="supplementary-material"}). SP G-MDSCs were significantly decreased in 10-week-old M-MDSCs and were significantly decreased in the 8-week and 10-week-old *Il-12*^−/−^ B6 mice ([Fig. S3](#SD1-mmr-20-02-1131){ref-type="supplementary-material"}). Previous studies indicated that macrophages, dendritic cells (DCs) and regulatory T cells participate in the pathogenesis of autoimmune diseases, including SS. The role of regulatory T cells (Treg), as one of the important immunosuppressive cells, in SS pathogenesis is still controversial due to its complex pathogeny ([@b46-mmr-20-02-1131],[@b47-mmr-20-02-1131]). In the present study, IL-12 and anti-IL-12-treatment showed almost no effects on changes in Treg cells ([Fig. S4A](#SD1-mmr-20-02-1131){ref-type="supplementary-material"}). Exogenous IL-12 slightly increased the percentage of spleen macrophages, while anti-IL-12-treatment significantly decreased the percentage of macrophages in the NOD mice ([Fig. S4B](#SD1-mmr-20-02-1131){ref-type="supplementary-material"}). The contribution of DCs in SS remains to be evaluated. This is partly due to the low frequency of DCs in the circulation and inflamed tissues. DCs were not detected in response to IL-12 in this study. However, previous studies indicated that DCs migrated from the peripheral blood into the exocrine glands to initiate and perpetuate autoimmune response ([@b48-mmr-20-02-1131],[@b49-mmr-20-02-1131]). In summary, these findings indicted that the changes were not specific to MDSCs in response to IL-12 in SS.

The development and expansion of MDSCs are regulated by multiple factors which is a complex and gradual phenomenon. Among the related signaling groups, the inflammatory cytokines and damage-associated molecular patterns are important ([@b17-mmr-20-02-1131]). Previous studies demonstrated that IL-12 treatment impaired the suppressive function of MDSCs by upregulating surface markers and decreasing nitric oxide synthase and IFNγ mRNA in the tumor microenvironment ([@b28-mmr-20-02-1131]). Furthermore, transfer of IL-12-producing cells significantly decreased the number of MDSCs in tumors but not in the spleen of C57BL/6 mice and promoted G-MDSCs in tumors to secrete IFNγ to induce tumor regression ([@b27-mmr-20-02-1131]). Moreover, one study found that pro-inflammatory signals induce MDSC recruitment and both p40 and p35 (two subunits of IL-12) knockout mice showed decreased MDSC recruitment and increased monocyte and neutrophil influx ([@b26-mmr-20-02-1131]). In the present study increased IL-12 was found to be an important pro-inflammatory cytokine, promoted MDSC development to accelerate SS progression. However, the exact mechanisms of IL-12 involved in the promotion of MDSCs and the inflammatory role of MDSCs in SS warrant further investigation.

In conclusion, collectively, it was revealed that IL-12 deteriorates SS-like disease by enhancing MDSC expansion. These results provide new insight into the pathogenetic mechanisms and elucidate a potential novel therapy for SS.
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![Plasma IL-12 is increased in NOD mice with SS-like symptoms. (A) Plasma levels of IL-12 in 12-week-old NOD and ICR mice were detected by ELISA. (B) Plasma IL-12 and the saliva flow rate in 4- and 8-week-old NOD mice were detected. \*P\<0.05, n=5. Error bars indicate SEM. (C) H&E staining of SGs for histological analysis (magnification, ×100). Arrows indicate the locus of lymphocytic infiltration in SGs. IL-12, interleukin-12; SS, Sjögren\'s syndrome; SGs, submandibular glands; H&E, hematoxylin and eosin; W, week.](MMR-20-02-1131-g00){#f1-mmr-20-02-1131}

![IL-12 promotes the development of MDSCs in bone marrow (BM) and spleen (SP) of NOD mice. Eleven-week-old NOD mice were intraperitoneally treated with PBS (Ctrl) or IL-12 (NOD+IL-12). (A) IL-12 treatment schedule. (B) Lymphocytic infiltration in SGs from mice. Arrows indicate the locus of lymphocytic infiltration in SGs. (C) Salivary flow rate of mice. (D) Representative flow cytometry graphs of BM and SP MDSCs (CD11b^+^Gr-1^+^). (E) Summary of flow cytometry results of BM and SP MDSCs. Error bars indicate SEM. \*P\<0.05, n=5. IL-12, interleukin-12; SS, Sjögren\'s syndrome; MDSCs, myeloid-derived suppressor cells; SGs, submandibular glands.](MMR-20-02-1131-g01){#f2-mmr-20-02-1131}

![Anti-IL-12 alleviates SS and decreases the percentage of MDSCs in BM and SP of NOD mice. Eleven-week-old NOD mice were intraperitoneally treated with (NOD+Anti-IL-12) or without (Ctrl) anti-IL-12. (A) Anti-IL-12 treatment schedule. (B) Lymphocytic infiltration in SGs from mice. Arrows indicate the locus of lymphocytic infiltration in SGs. (C) Salivary flow rate of mice. (D) Representative flow cytometry graphs of BM and SP MDSCs. (E) Summary of flow cytometry results of BM and SP MDSCs. Error bars indicate SEM. \*P\<0.05, n=5. IL-12, interleukin-12; SS, Sjögren\'s syndrome; MDSCs, myeloid-derived suppressor cells; SGs, submandibular glands; BM, bone marrow; SP, spleen.](MMR-20-02-1131-g02){#f3-mmr-20-02-1131}

![IL-12 deficiency impairs generation of MDSCs in C57BL/6 mice. (A) SP MDSCs were detected by flow cytometry in 8-week-old C57BL/6 (B6) and *Il-12*^−/-^ B6 mice. (B) Kinetic changes of SP MDSCs at 4, 6, 8 and 10 weeks of age in the *Il-12*^−/−^ B6 mice. Error bars indicate SEM. \*P\<0.05, n=5. W, week; IL-12, interleukin-12; MDSCs, myeloid-derived suppressor cells; SP, spleen.](MMR-20-02-1131-g03){#f4-mmr-20-02-1131}

![MDSCs display T cell suppressive activity in SS mice. Cells from spleen of 12-week-old NOD mice were co-cultured without or with MDSCs in different ratios (MDSC:T) at 8:1, 4:1 and 2:1, respectively for 3 days. (A) Representative flow cytometry graphs (left) and the summary of flow cytometry results (right) of T cell proliferation. (B) Representative flow cytometry graphs (left) and the summary of flow cytometry results (right) of CD3^+^IFNγ^+^ T cells. Error bars indicate SEM. \*P\<0.05 and \*\*P\<0.01, n=5. SS, Sjögren\'s syndrome; MDSCs, myeloid-derived suppressor cells.](MMR-20-02-1131-g04){#f5-mmr-20-02-1131}
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